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(S) Electrostimulation of microbial reactions. 

@ A method of fermenting a substrate with a microoroBn- 
(em by forming a broth oom pricing tho substrate end the 

microorganism, and forming a fermentation product there- 
from characterised in that a fermentation stimulating electri- 
cal ctgnol is imposed oeroao the broth. 
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' 1. 

Hicrobe reactions, i.e., fetation, are the 
ba.oloea.ftal conversion of a f ee d<,c nn i, - • 

. 5 iM... Microbe reactions «. characterised by the 
growth of the microbe ^ ^ e 

• - ^ nu-crooe, and the subsequent formation of 

a metabolite product. That- <?„ ^2 011 ° r 

* U017 ■ Tliat is i substrate is used 
initially for the growth and maintenance of *he ™-- v 
and subseauently for botb ^ aao ° of *he mxcx-obes, 

10 the microbes anl f , * ' 

formation is relate! T V Rwd -«* 

the conocntratiof of Icrcbes " ^ 2 ' 

. n jaiciooes, and t3ao yield oocfficiervfcfl 

uT proonct am Aerobes *«, r.cpoct to the subst^e 
Moreover *hc eo^^xati^ or.aicrobe, „ . 
15 the specific growth rate of tfe* v 011 of 

coefficient aT«^ **** ** the microbes, and the yield 
coefficient of the microbes with respect to the substrate 
Fermentation reactions are ^, ri n w , C- 
That *• . typically slow reactions. 

!Bhat is , they require long residence time, i. e , hia* 

20 ^°%° r rBaCtl0D aedil,m VOl ™° volume 

*rc t>r« JT^ , * T ^ e ™«t"*iOM of microbe 
^ WuLxlent. i-el, .substrate, is initiaiw 

utilized primarily to grow and maintain luio-nn^ 
;25 there-after it is utilised to t aerobes, and 

• m»i. v ,«*. X12t - a Lo a greater extent to form 

metabolite product. ^ 

~W 1C al Owghter cells. % way „ C0Etr * ' *"» 
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until it matches the sise of the original cell, and .then 
separate,, leaving a bud scar. Fungi grow by chain 
enlongation and branching i.e.* with growth proceeding 
from the tip of the nQrcelium through the formation of 
5 septa "between individual cells* Cell division may 

require anywhere l'rom ljp minutes to" en hour for bacterial 
growth, from 4£ minutes to 2 hours for yeast growth, and 
from cne to p-ight hours for fungi /rr mycelial, growth. 

The specific path of product synthesis, i.e*, the 

10 reaction path for the formation of the metabolite 

product from 'the oubctrato or nutrient ic not clearly 
understood for "every fermentation reaction. However, 
it io believed to depend upon microbe growth and 
Concentration, nutrient utilizarion, and metabolic 

15 controls. 

It' has now been found that the reaction rate of 
fermentation reactions, that is, the yield per unit time, 
unit volume, unit nutrient or substrate concentration, 
and unir microbe -concentration is enhanced by the 

20 , application of an alternating or pulsed h±gb frequency 
elftctrvic field to thft reacti on medium of microbes, 
substrate, and nutrients. 

As used herein, the terms " fermentation" , 
"f orientation rcactione", and "reactions utilising 

25 ferment aticn techniques" include aerobic and anaerobic 
metabolic activity of a microbe or microbes in which 
chemical changes are brought about in an organic or 
inorganic substrate, and any process mediated by or 
involving microbes or microorganisms in which a product 

30 accrues. 

As used herein, the terms "microbes", "microbe", 
microorganisms ", and "micro-organism" include prolcaryotes 
and eukaryotes, "Prokaryotes", as used herein, means 
unicellular microorganisms, including bacteria and 

35 unicellular blue-green algae* "Eukaryotes", as used 
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herein means multi-cel 

• "uuxxisea microbes as well as n«m~ 

reooMoinan* atralna. • • ■muiuu 

1 ° Peimentation reaotiono. i... r„„, • 

■"■yootea/aa* oact.i.t.1 <• T fungus, yeast, actta- 
«MH.«. feimcaitatton reactions K , 

utilised industrially. Pi»™^„<.- 

: of »idcr taduatriai'oL, * Mlctl °" "« capable 

eXficie^ orconve^oate SL^r^T."' ~ 

20 ■.„*». n, tlffla.j.eauir.d fo cany oa*^. 

that ia to i^rea.e ttaLfcJ £ £tZ= £ f^" 1 '*'. 
. tmrn* ta . giyan Wotio^eoaet ^ 

" • 1« tt. tooth, ™do r ccndiWo^'^T 61 '^ el «*«da s 
of tie Miorooial rearf-7™ 1 ™" «* rate 

^oto rt a. yeaat : - a^aTir-rt-v ■ 

55 aatiafoooory ln ooxx^^t U " *" tio « 1 «*r 

earning out lUe ^ ^ 
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UJne electrical stimulation electrical current 
may- be an alternating current or pulsed direct current. 
It should have a frenueney of from- about 1 kilohei&s 
tu about 1000 kilohei*fc*, allhuuKh Xx^quencies- below . 
5 about 10 megahertz, may be used as veil as frequencies 
above about 0.1 ki,loherta with. .some, increases in yield, 
Howr.ver, care should be talcen e*e, by using a frequency 
. ■ above about 0*1 kiloherts, to avoid large "amounts of 
electrolysis occurring withjhn the -reaction Tnadinm at 
10 low frequencies, . 

The method or this -invention may advantageously be 
carried out at various ranges of the cleotrolytic 
variables t i.e., electrode area, inter-electrode spacing, 
inter-elcctrodc volume , current, current deneifcy, 
15 current per unit liter-electrode volume, current per 
unit broth volume, vpltage, voltage .per unit inter- 
electrode spacing, power pe.c unit iiit ex-electrode volume » 

» 

power per unit broth volume, and. frequency.- 

For example, the method of -this invention has been 

20 * carried out utilizing Saccharomyries cervisiaft -to ferment 
glucose at currents per unit interelectrode. volume of 
from a"bont 1 x lo~? Tnilliamperes per cubic centimeter 
to about JO x 10~' mi3 Hamper e a per oubio centimeter of 
inter-electrode volume, at currents per unit broth 

25 volume of from -about 1 x 10"* milliaiaperes per cubic- 
centimeter to. about 50 a: lalllieuaperes' per cubic 

centimeter of broth, current densities of about 2 x 10~^ 
milliamperes per* .'square* centimeter to .5 * 10 ndLlli- 
amperes per square cexftimeter of -electrode area, voltage 

59 fluxes of 0.1 to 5 millivolts per . centimeter of inter-*- 

electrode space % inter elect rode powe* dissipations of 0.2 

10"^ watts per cubic centimeter. <td 6 3: 1Q~? vatte per 
cubic centimeter of interelectrode volume and broth 

ft 

power dissipations bf 0.2. x 10""° vatta per cubic ccnti- 
35. meter of broth volume to 8 rlO -8 watts , per cubic 
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eentimefer of broth volume. Electrolytic variables, ± e 
currents, voltages, and power dissipations, and product/ 
•ad quotients thereof, outside the above ranges m*y be 
utilised as long as care is taken, by avciding aWLtaxi-' 
5 ecus astomer of the rangee, to avoid destruction of the 
microbes . 

According to one wcemplirioation of the method 
.- herein contemplated, a reaction medium of a nexose, 

e.g., glucose, other nutrients, and a yeast, Saocbaromvc* fl 
10 cerevisiae is- provided. A pair of electrodes arc spaced 
aoout «. to about ? centimeters from each other within 
the broth, and an electrical current at a current density 
of «bout 0.1 to about O.J milliamperes per square 
centimeter of electrode area is passed through the 
15 reaction medium at a frequency of about 100 kilohertz to 
.• _ about 1000 kiloherta. In this way, the yield of product 
per unit of substrate per unit time is increased -by 
about 15 to about 20 percent compound with the result 
without elervtmical stimulation. 
20 According to an alternative exemplification of the 

method of this invention, a reaetion broth of a 
. bacterium -such as ^^^.polym^a or ^cillus^chenl - 

formis, and glucose are prepared. The fermentation 

reaction is then carried out while an alLe.nating current 
havxng * frequency or about 1 JcLlohertz to' about 1000 
fcLLohertz, an imposed voltage signal sufficient lo provide 
- . a current of 1 x 10-3 milliamperes per cuoic centimeters 
of interelectrode volume and 10" 1 to 5 milliompers per 
liter of oelution is imposed acx-uss the broth. 1'he 
^ resulting production rate of butane diol ia increased 
• by about 20 percent compared with the result without 
electrical stimulation. 

*hc method of electrostimulated fermentation herein 
described is useful with single cell blue-green algae, 
55" bacteria, yeasts, and actinomycebes. Suitable yeast* 
are for example, beker's yeast and brewer's yeaet, i.e. 
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single cell y.eant of the SaccharomycoS djcae group, &a 
exemplified by Baccharoisyces oerevigiae. " 

(Ehe method of clcctro3timulared f ermentation is 
useful with various feedstocks. Exemplary are various 
5 carbohydrate substrates.' By carbohydrates we mean for 
example polyhyOtoxy aUeehydes, polyhydrosy ketones, and 
substances that yield polyhydroxy aldehydes or poly- 
hydx-uxy ketones .upon hydrolysis lor saccharification. 
Exemplary carbohydrates, are sugars i i.e. '.cno char idee. 

10 The saccharides useful in Lhe method of this . invention 
maybe monosaccharides, . i.e. * carbohydrate© incapable of 
further ^drulysis,, or- polysaccharides, i.e* carbohydrates . 
that yie^d monosaccharides upon hydrolysis or sacchar-r- 
ificatiou. Hatxxically uucuj^riuK s^cch^ridea useful 23 

-l£ substrates in the methods- of this invention include 

heptoses, hexoses, pentoses, tetroses, triose* homo- : 
pol.ysaccharjd.ftg thereof, and . heteropolyssrccharides thereof., 
Exemplary heseos £3 * include glucose, fructose > mannose f 
galactose, and the fructose-glucose, dissacharida, smorbfle. 

20 Exemplary p ent do oc include, sxrabinoac^ xylose,- ribose, and 
apiose. Exemplary polysaccharides .include sucrose, 
mentioned above, maltose, lactone, .raffinoec, starch, 
. * glyuo^en, uelluluae, peetins, 'chitia, inulin, agar* 

hemicelluloses, plant gums and mucilages,.* and immuno- 

25 polysaccharides* Ey carbul^ydj.'atet> ' we- also mean sugar 
alcohols, e.g. sorbitol, mjumltol, glactitol, op. the 
inositols. Industrial sources of carbohydrate include, 
by way of exemplification manure, 'ceUulosic wastes, * 
molasses, whey, -sugar, grain starohec, and byproduct 

30. carbohydrates. .Suitable grain starqhes • include by way 
of exemplification corn, com stover, '■wheat, barley, 
straw,' and bagasse. 

Amino acids m^y be utilised sls' substrates for 
f eXiueuLaliuu lype reactions* They jnky..be recovered as 
_ 35 products of fermentation type reactions, or they may be 
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intermediates, produced in one fermentation type 
reaction as a substrate Tor a subsequent fermentation type 
reaction. Exemplary alpha-aminc aoida- include glycine 
alanine, valine, leucine, isoleucine, serine, threonine, 
5 cyetexae, cystine, methionine, pbenylalenine , tyrosine 

prolix, tryptophan, lysine, canine, histidias, • aoparfcic 
acad, and glutamic acid.. 2Jb 6 above enumeration is 
••' tended to be exemplary and not exclusionary. 

Other substrates vnich may be utilised are, for 
10 example, hydrocarbons , e.g., aliphatic hydrocarbons 

oarbocyclio hydrocarbons, are heterocyclic hydrocarbons 
As used herein, hydrocarbona include, substituted hydro- 
carbons, e.g. haloRenated hydrocarbons, and hydrocarbons 
having ore or more functional groups, e.g. alcohol, ■ 
15 ketone, aldehyde, acid, ether, amine, amidine. ff-alkyi 
. amide, JT,IT-diaJlcyl s^ide, imidic ester, imidei aldisdne 
tetiminc, thiol, thio ebher, di.sulfi.de, thio acid 
dithioacid, thio aldehyde, thio ketone, sulfonium, 
sulfoxide, sulfinic acid, sulfone, sulfonic acid, phos- 
30 phite, phosph^e.-phosphonate, phosphate, orbhocarbonate 
_ carbonate, chloroformate, carbamate, carbamide deluding 
urea), IT-aliylurea, o-aliylurea, cyanate, isocyanaUe, 
carbodiimide, xanthate, thiocarbamate , thiocyanate 
ioothiocyanate, diasoate, or di azocyamide groupo. 'a* 
25 .many cases the substrate is a dilute pollutant, and is ' 
degraded or metabolized to a non-polluting product. " 

The method of electrWimulated fermentation may 
be utilised with both aerobic and anaerobic fermentations 
Electrosti mulated fermentation is useful in the 
50 industrial scale production or any product that can be 
produced by fermentation techniques, as described 
hereinabove. *hecc products include the following, which 
enumeration is exemplary and not exclusionary- anti- 
^iotics 5 organic oolvente, for example, alcohols , e.g., 
35 butanol.-eihanol, and amyl alcohols, ketones e.g. acetone- 
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gases, e«g* carbon dioxide and hydrogen} beverages, e # g* 
wines , be^rs and "liquors; foods, e.g. cheeses, fermented 
milks* pickles, sauerkraut, aoy sence, yeast, vine^ajL^ and 
mushrooms; "Havering agents e.g. monosodium glutamate; 
5 organic acids and hydroxy acids e.g. lactic acid, acetic 
acid, citric acid, gluconic acid, "butyric acid, fumaric 
acid, and itaconic acid; glycerol; 'amino acids, e»g» 
I- glutamic acid and L-lysine; steroids; organic trans- 
formations , including steroid, alkaloid, and antibiotic 

10 transformations; yeasts, including food yeasts and 

animal feed yeasts , legume irinoculants ; pestioidee, c»g, 
microbial and bacterial pesticides; vitamins and growth 
stimulants, e.g. vitamin B 12 vitamin A, riboflavin and 
gibberalkines ; enzymes including amylases , proteolytic 

15 enzymes, pectinases, inveniases, . and celluiases, inter 
alia; fata; fatty acids; alcohols; fuels; ajul L^d-L-u- 
carbons. 

Ibe electrostimulation method hex'ein contemplated* 
may also be used for the control or destruction of 

20 deleterious substances, e»g. , pollutants, and aqaeuus 
dispersions, stispeusaona and portions of hydrocarbons 
or- balocarbons, including polymers thereof. 

While the elect rest imulate fermentation method 
described herein above is useful with various microbes 

25 , in various fermentation reactions, the method of this 

invention may be exemplified by the Weizmann Process for 
the bacterial fermentation of starch to yield n-butyl 
alcohol, ethyl alcohol, and acetone*; •fchft production of 

• • ethyl alcohol by the use of Bhizopus f omosaensi s, 

50 SaccharoTnyces cervisae , Saccharomyces uvarium , nm 

Aspergillus foetiduo t the production of acetic aoid 
utilizing Acctobactel alcoholophllus , Lactobacillus 
plant cram , or Polyporua palustris ; the production of 
acetone utilizing Olostridiums ; the production of butsnol 

35 utilising Olostridiums ; the production of glycerol 



it, 
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utilising Bacillus liohenUormuR or SaccharomyoeB roux ii- 
-the production or acetic acid using A cetobaotei pasternC' 
iamw? tie production of wines using; Saccharogyces 
chevalieri , SaccharoBircoB ocrriaiae, Saccharoses I.™* , 
3 gaooliaroinxuea vafer, Saccharoay cftB vjgj , Torulaap org. 

riorentina , Saccharonrroca aceAn , or 5accharom-rces~ ovid^ans . 
the production of edible proteins utilizing C.haotomiun 
... oellalolytilum, Geotrioum cemdidmn, Candida utilis , 

Cc llulm onas or Alcaligenes fascalis : the production of 
"10 anthroquinonss utilising Chryaosporium jaerdarium . 

Hclminthsporiuai c.ynadonitls T or Penicillinm iclandie^ 
the production of antibiotic utilizing Byssochlacrre 

jUgarium equiaelo, glioclad-hm. AsperpjlluB aatl*™,... . 
Aspergillus sulphurs, Penicillium cy clo^™ 1 Penielllium ' 
15 gartensi, Penici ll ium palil-ans . Penicilli-nm puberalum . 

•Aspergillus TUninsTm, Penicillium ohrro^eiLm . PeMicillim 
a larum , agjy°o°^ strictum, Cephalasporium ohry.sop ^^ 
Berrati a rebidaea, Streptomycfi* lavendulao . Strep* og^ces 
. clanliffous, Streptomyoee lipmanii T Acinetobacter caleo. 
20 acetic us, Bacillus cerea. JiaciUus lichenif ormia . or- 
Bacillus subtilis; the production of ' Ir-ar K inine by 
.Bacillus subtilis, Breribacter fum mxrum . Corynebacteriim 
glatamicuin, or ±*otamino baotor thia.™^ ,*^^. ths 
production of ascorbic acid by escherlohia r the production 
25 .of biotin by OorTn ehaot erium Tarimorioxydana . or Psuedo- 
manus mutablio, the production of butanediols nsing 
. Bacillus lichenif ormis, Bacillus pol-yay ra. or Kl ebsiella 
pneumoniae, the production of butyric acid using bMty- " 
rivibrio fibrisolvens- the production of capxylic acid 
30 ' using Ranibacteriua alactoly^ the production or " 

caxboxylio acid utilising SacchronrvcoTasis li-nolytica , or 
Sporolomyces odoniBj the production of formic acid using 
Polyporua j palustris ; the production of fructose utilising 
Bacillus me^atarium, Pseudomanua bo^^ol^ or Pseudomonas 
33 fluoroscena^ the production or gluconic acid usin^ 
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Asperglrlua carbonariug % or ' Penioillum chrys o rcenum ; the. 
production* of glucose utilizing. TPiehoAsnaa lonsibrachp - 
i atnrc \ the production of p-hydroxy bsnsaldehyde using 
G accharomycea satic; the production of sin^l* cell 
5 proteins utilising AjthrcfbactQr petrolcophaff us,, 

Arthrobacter rub ellua , Arthrobac Ict. . Aspergillus rumxg- 
atug » Cg L J u 1 runonas cart elyticuia , Coryncbactcrium fu.ii- 
. ■ oTcemae , Klururoiny ces fr agilis uiorehella crasgjpe . J3ZZ2r 
bacterium curasgfrum: , TSyc o ob act e rlum p et r ol c ophiluia « or 
10 Kboardi& neoopaca , and the production of xantfcan gum 
using, e«g:« v Xantha-moTias campestris , The method of 
eleotrostimulated fermentation wa,y be used 'in ttie 
fermentation of eubstratftR to obtain. "vitaadns, anti- 
biotics , " and en&ymes. • . 
1-5 Electro stimulated fermentation also finds utility 
in microbial cellulose d£gcction 3 e»g M with Po lyaiiKi™™ 
cellulosuia r cleaning: metallic surfaces,, e^g. f with. ; 
TOiiobscillus f errooxidans. qr flhiobkoill ue thjooxidans ; 
degradation of cellulose; degradation of cyanides in 
20 waste water, e<>g. , with- Bacillus subtiiio , Ooryncb&ote rium^ 
or JTocar dia rubrop ex^tixtcta r . degradation- pi ethylene 
glycol with unidentified bacterium, ATCC 270'!-2} degradation 
" of chlorinated phenol fungicides ; -degradation of systemic 

fungicides, e , g . » with Bhiz ouus iapnnicus : degradation 
25 .of hydrooarbono, c*s«> with- Aspergi llus Versicolor , 

Brettanomyoes ^etrophilum ^ Candida' petrouhilum, Candida 
tropicalis , Claclosporium resinae » Cunninghameila 
elegans, Eupenicillium zonatum , SaecharomycapnrAs lipul^r- 
tica, or ffontlopsia pgtropbilugx ; degradation of jet fuel, 
•30 e«g., with. Acrej monium .strielma , Alterna-ria- alternata , 
Aspergillus jUTtngataft , or Clg.dosporium resinae ; * 
degradation of methanol, e..g., with Hanaenula- polTmorpha : 
degradation or nitrlJes inc waste water, e.g.., with. 
Alcaligenes vi aolaccig, Nocaxdia ro bx-uplijic'ta ,. or 
55 Ba cillus suT>tilis t -dftgradfrtion of petroleum, e„s« 'with 
Aspergillus aureohaoiriiugu Candida pa rapsiiosis , ' Candida 
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***** aa ai as^^a q^m,- 

T ^otheoxum yer rucaria, ITocardia GQT . a n^ a «^ in " 

ruhra,. PenxcxUl^, Frotot^, ^od^ula, Sao^T"* 

Ration of phenol, e.g., ^ Gloec^ua^^ , 

or ffiodwrorula glutinie« -Mi- , *— — 1 

— — & * lle! degradation or wood.: 

. phosphate removal in 3ewage treatment, . - with 

10 hxegal i o , Mdft^U^ water pojlu^oa 

control, e.g., with Shodotoru^iuj^ ^ T , icto . 
gi eoxum rose um; " and the production of dsxte^to~«w 
fermentation or sucrose. e . K T _.„ 

eJoa.des and Betapoccizs arat>ino salens. a „/TT 

-ie 7^ _ sarCTB; and the production 

15 of xnmraiLopolysaccharid.es. 

Jnhe following examples illustrative; 

SZfl.nP.LE I 

EleotroetUaulated and conventional fomentations 
. were carried out in a hatch reactor ' ^ 10I1S 

20 ieaRti ° n h *°** wae Prepared by placing 1 5 00 

-xllxliterc of distilled water in a steriLedl SL" 

to tho heakcr in the following quantities- 

Glucose 220 exCm3 

25 . HaCl • 

• , % 3' grams 

0m^ z S0 4 S grans 

K 2 HP0 4 . 2.4 grams 

' 0.4 grams 
•Ui«tilled Water to make 2 lifero 
30 'J'tiareafter, a 200 milliliter wo-h--?™ P 

soliifc-'oT, «... , . portion or the glucose 

solution was placed in a sterilized container and 14 
Era** of Slsischmann.B B oh er . s yeast, fecharoayces 

T ttdde f "* ^irr7a to f oZ~ slurry. 

. The yeast- e lucose slurry was divided into two equal 
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portions of 100 milliliter© each and put" into' tvo 'I liter 
sterilized resin fcettles.- To each or the divided yeast- 
glucose slurries were added 2,1 greuas of corn meal % and 
700 milliliters of the glucose solution. . 
5 The outlets of both reactors v/ere connected to 

wet test meters to measure the gas prodjifced/ One reactor 
was run v/ithout elexvtrioal stimulation. * 

The other reactor had an electrode pair o-f frwo 
4 square inch stainless steel eleotrodco, 4* centimeters 
10 apart* A signa l Ktarneratox' was utilised to. generate a 

300 kiloherfcz, sine wave, voltage signal; • A $Q inilivolt 
signal caused a current of 1.5 iaillianrperes to flow* 

Eight eimtiltaneous, . side-hy-side rujas'were made, 
with one x^eactor having electrical. stimulation and the 
1£ other reactor "being unstimulated. 

The results shown in. Tahle I, below* were obtained; / 

TAKHE I . 

COHE&ItlSOir OF EliECTEO— ST IMDIATED- ICTMERTATIQET 'WITH 



20 


Length. 
oX iiaii 

.ifi2???i 


taa.111.- 


• Moles of 

Sirlnula-bcd 
(.eel cirro- . 
mair o graphic ") •'• 


Holes o£ 
EtbsiLol- 
- Unst i ttp! ated 
(.ge-J r.hTo- 
matoisracyliie') 


25 


26.5 . 




;'; . O.A76 • 


0.456 . 




19 • 


: 1.25'' 


." 0.506 


'.' b.47'5 • 




22 


1-5 


. '. .0.561 


0.469 




47-5 




0.967-' 


0.950 




23-4 


2-25 


0.84O 


O-855 


30 


27 


2.5 


0.420 . 


• O.590 




43.4 


• 1-5 -6.1 


. 1-14. ' 


1 .16 : 




25-5 


2.25-6.5 ' 


. 0.713 ' ' 


O.707 • 



Electrosfcimulated fermentation was carried out in 
35 a hatcU reactox' to determine the effect of current and 
fr©<so.ftr.cy«, 
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The reaction broth wa5 prepared by placing one 
liter of distilled water in a storilieed beaker 
Carbohydrates, vater and nutrients were added to tne 
beaker in the following quantities: 



5 Suorocc 



100 grams/liter" 



W ? 01 1.5 grams/liter 

(KH 4 ) 2 S0 4 5tl grams/liter • 

SgHPO^ 1.2 grams/liter 

*W Distilled water ' 

1.2 liters cf tne solution were placed in a 1.5 liter 
resin kettle. 

Thereafter, 7.0 grams of Fleischmann's dried Baker* a 
Teast, saccharomyces oerevioiae, was poured on top of tne 
15 reaction broth. The reactor was then closed, with gas 

venting through a water ecal bubbler. The mixbure was " 
allowed to stand Tor 18 hours. 

Thereafter, at 24 hour intervale, the slurry was 
removed from the reactor by aspiration and fiiterPri to 
20 recover rhe yeast cake. <Bae yeast cake was added to 1.0 
• liter of fresh reaction brolh and returned to the kettle 
Which was sealed wit* a ^ veat to a burette of 1 percent 
sulfuric aoid and stirred for 5 minu tes. 

- JC '\ JLrt6r tW ° ^ S ' * m Voluae ^^8* were token 
<?5 at one half hour intervals, and used to calculate a 

. base gas evolution rate, Bo. Thereafter, electrical 

stimulation was commenced. Pour -gas volume readings were 
taken at half Lour intervals beginning one hour after 
electrical stimulation, and used to calculate a test gas • 
SO evolution rate, - Por the fermentation with el met po- 
st Unulation, K T is the gas evolution rate. Por the 
fermentation withoat electrostimulation, is the gas 
evolution rate measured simultaneously with and calculated 
in the same way as the gas evolution rate for electro- ' 
stimulation. • After thre* hours of electrical stimulation 



35 
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10 



15 



20 



25 



50 



1*. 

the current was turned off for- 19 hours , and then 
reaction slurry removed as descxdhed above. 

>^oh electrode was a nickel wire, 0.63 ailliaaeters 
diameter, spiraled twice around a four Inch (10 cm) long, 
5 millimeter diatnetftr glass rod. {Phe electrodes were 
opaocd 6.5 to 7.0 centimeters apart. Voltage was 
provided toy a ijynascan 3010 function s en -e**tor. 

Ihe effect of applied electrical field was as shown 
in Tatole IT below: 

MBIS II 

EPPECT OP APPLIED CUEBEHT (AID 100 KILOHEHIZ) 
ON IM.B KVniftJTIQN • 



Current 
(milli- 
amporcc) 

0.15 

0.15 

1.5 

1.5 



(Bm/Bo) 
(without 
curre nt j 

1.05 

0.92 

• 1.01 

0.98' 



(V*°) 

(wifh 
cur rent^ 

1.15 

1.02 

1.13 

1.17 



(E;n/Ko)with 
current 
CiU/Ko) without 
current 

1.10 

1.11 

1.1?. 
1.19 



• . The ef foot of frequency was as shown in Table III 
toelow: 

■ ' SABLE HI 

EPPECE OP PPEQTJEUCY (A3? 0.15 MILLIAMEEEES) 
.*"- ' _ PIT GAS EVOLUTION 



frequency 

10 
100 
100 



(yno) 

(without 

curx-enL ) 

0.83 
1.05 
0.92 



(B3/E0) 

(with 
current) 

0.92 

1.15 
1.02 



(Brn/Eo) With 

current 
(E^/koj wrfcnout 
current 
1.11 
1.10 • 
1.11 



EXAMPLE TXT 

Fermentation of glucose with s.cervisiae was carried 
55 out with and without electrical stimulation. 
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> water tn raaJce two lit ere. 2 ' ^^led 

IChe broth was' divided into two portions and , 
. in Sterilised rssia. bttlpn . _ f TClOM 831(1 P^ced 

millimeter diamete*, ^lass rod .. ,, he ^otTod..^ 3 
apaced 6-5 to y.o milliters apart! ^ 

15 ^- .J*" f eESBS ^i^ caxxied.out at 3 0 degr*^ ■' 
*»> Centigrade Tot 2 3 . 5 ho„rs_ A signal ^1^5 
. . r r^ 1 generator -wa>s 

utilized to generate a JOO kHolia**. 50 aim™-,,- ■ 



EREQTJEItfCX 



-Ss& sin, 

a 5 INITIAL TEAST (GHAMB/ • ■ ± '^ > willi «mperes 

LITER) x 4" . . _ 

PIHAL YEAST CGRAMV ' • 

• • LEEER) . . 8 . s 
xn : °J1T1&L GJUJOOSE (GRAMS/ 
P LITER) ' 

PmWT, GLUOUHE • (GRAMS/ 

* LITER) 4. 3 /n ort 

• TIBIAL AIC0IT01 (GRAMS/U2ER) . 0 "' " ^* 2 ° 

mi alcohol (waran) ^ 

35 GRAMS OS YEAST/GRAMS OP 

GLUCOSK-TfOtm 2.18 X lo"? 2 . 8? x 10 - 3 



9-5 

108-9 IOS.3 

<0.2( 
O.S 



• GRAMS OP ALC0II0L/&RAMS 
. OP GiUCOSE-HOtra 
GRAMS OJV ALC0H0VGi?AMG 
*W . OP XEAS'l.' (PINAL) 



1-71 x 10- 2 • 2,is x I0 -2 
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GKT.T. COUNT OP 200 SQUARES (three pipette samples per 
kettle) • 

SAMELE 1 6S0 865 

SAMPLE 2 739 S9t> 

5 SAMPLE 5 632 804 

PTfiATT . 677 8$$ 

"RANGE 107 91 

BTANUA.RP DEVIA.TION 63 53 

PEKCStiN'l' HKT-ATIVE 

10 STA1TMKD DEVIATION 9.3 6.2 

11UEEBEMCJE IN MEANS 178 



#,2 +• <r x 2 . 47 



' (at 1 crtandard deviation 

15 is the stranded - level) 

' deviation and n^ is the a . 

number of replications)* 



Hie student's "t" test was applied to the cell J 
counts^ A Qt or 5*79 with a probability of 0.02 was . j 

20 obtained. That io t the probability" that random errors ! 
would result in Ihe 265$ relative difference observed 
was less than 2 percent. 

A series of tests were conducted to oompore 
25 electrostimulaLed fermentation "with conventional 

'£ e/nmentation. For each, test a simple nutrient solution 
was prepared- A portion of the nutrient solution was 
.withdrawn to malre a yeast solution. The remainder of 
the nutrient solution was* divided into two equal 
30 portions dnd placed into two identical 'laboratory 
ferment ers. Both fermentere had on electrode pair. 
PleieclnnarxiL'i: Baker's Yeast, Saccharomyces cervisiae » was 
slurried in the remainder of the Dingle nutrient 
soluUioii. The nutrient solution, containing the yeast, 
35 was divided in half. Each half was placed into one of 

the two identical laboratory ferment ers. A voltage i 
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signal was applied across one solution only of the pair 
Solution samples were nimultaneously taken from both " 
oolutious of the pal*. Difference* between the two 
^mentations of a pair were attributed to electro- 

5 otimulation, while differences between ecto of pairs of 
fermentations were attributed t P conditions of the 
nutrient and innoculum solutions prior to commencing 

. the tests. • 

For each fermentation a resin kettle f exmeater was 
10 used. She resin kettle fermenter had an inside diameter 
. - of 10 centimeters, a depth or L? centimeter, and was 
• sealed on top. Each rccin kettle fermenter had a sample 
probe, a p H px-ohe, a mechanical stirrer, a sodium hydroxide 
inlet, a gas outlet, and an electrode pair. Tiie 
1.5 electrodes were a .uair of two inch (5 cm) oy two inch 
, (5 cm) Stainless steel plate electrodeo opaoed two inches 
V? om) apart, 

A gluccse solution wag prepared by adding in order- 
Glucoee - 3,0 220 

20 . »V l 10 grams 

ingHRV TB^O 22 grams 

• • CT ^ K V 12 Ki-am 

, igrsm 
" " CaC1 2 " • 0-04 gram 

H 2° * ; "to make 2 liters 

!Dhe glucose solution was boiled, and the pa was 
adjusted to pH— 5 with H^KJ^. 

A yeast slurry wac prepared by withdrawing 200 
milliliters of the glucose solution, and stirring 3,6 
grams of J?j.eischmana' e Baker's Yeast Sa ceharomycgM 
±ervisiae into the nutrient. " 

Each test was commenced by dividing the nutrient 
solution into two SOO milliliter- portions and placing 



?5 



50 
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10 



15 



20 



18. 



on* port-ion of the iwtrient solution into cclcJx resin 
kettle fMraoenter. . Thereafter the slurry "bl! yaast and 
nutrient vas divided into tvo 100* mil liliter portions. 
One portion or the yeast -nutrient -slurry wkst added to 
each of the resin kfrttles. 

The resin KeLUlea were maintained at : a tfcTnpft-catxire 
of JO degrees Ceritdgrado "by iamercibn in & water T>attu 
The pH was mad ataJLaefl bet-ween pH *F # 7 and pH 5-2 hy 
addition of aqueous UaOH. In oach run a* 300' kilohert*, 
1*5 milliampere, 50 milTivull sipaial was* applied across 
the electrode pair in one kettle • T$o. Signal was applied 
to the electrode pair in the other, kettle, " 

The re] .loving 7MMultfi vere oVcadnedt 
S et 1 : 

UP OURBEKli. • : CUBKEN'J? 



EIAPSED 
TIHE 



(hours) 

1-25 
3 



Ethyl 
Alcohol 
(gnus. 
liter 

1,1? 
1.87 



1 



Glucose 

Cgrms/ 

liter) 

96 ' 



Ethyl-. 
Alcohol 
(gnus/ 
liter) 

• 1.96* .* 



Glucose 
C grins/ 
liter) 

100 

98. 





6 


5.28 


7& 


5-72 


79 






31.8 


' ■ <6.25 


.40.4., 


<0.25 




Final Yeast 










Cgrms/liter) 2.54*. 


• 2.63 






3et 2 




V 


s 




• 


ELAPSED 


HO 


CUEEEUT 


-'CUEHEHD 




2MKE 














Ethyl .' 


• 

Glucose ' 


• Ethyl 








Alcohol 


Alcohol 


Glucose 




• (hours) 




(gnus/ 


(grms/. 


CgTTDR/ 




liter),' 


liter) 


liter) 




1 


0.09. 


98 ' 


0.09 • 


103 




2 


6:55 • 


•85 . 


0.7.1 


98 




4.5 ■ 


2.7 


?8 


.2.2 


76 ' 




G.5 


5.5 • 


72 


6.9 * 


64 




28 - 


no. 2 


C0.25 • 


•• 57.0 


<0.25 



40 



Pinal Yeast 
(gnas/liter) 



0.466 



0.504 
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Set 3 
TIME 



(hoitrs) 
1 
3 

4.5 
6 

22.5 
Pinal Yeast 
(grins/liter) 

Set 

ELAPSED 
TIME 
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Ethyl 
A 7 cohol 

liter j_ 

5.0 

0.5 
22.9 

37.9 

44.2 



Glucose 
(giro s/ 
liter) 

8? 
87 
40 
19 
<0.25 



9.0 



UO 



OTJKREHT 



^he-curs ) 

1 "• 

2 • 

3 • 
4 

G 

7 
8 

• 9 
24 

Final Teast 
Csxma/liter) 



Etnyl 

. Alcohol 
(gxrms/ 

libera 

0.7 

2.9 

3.1 

5-2 
11.6 
13.7 
24.8 

31.9 

41.7 

4G.0 

8,9 



Glucose 

(Srana/ 
liter) 

105. 
98 
84 
78 
GO 
00.2 

.3 



<0.25 



CUKRETO 



Jfthyl 
Aloohol 

CfiSl33/ 

I. itar^ 

3.5 

II. 0 
28.0 
37-0 
48.7 



'CfJ.ncose 

■liter j_ 
88 
70 

45 
19 
<b.?5 



9.8 



CTOBERT 



Ebhyl 
Alcohol 

liters 
0.5 

3.4 

5.4. 
10.5 
19.9 
27.1 
32.0 

51.0 

£6-6 



Glucose 

Cgrnia/ 

liter) 

110 

95 
92 
"62 
82 
10.3 
-3 



<0.25 



9.6 
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20. 



Final feast 
(grms/liter) 



9-9 



5 


(hnm»s) 


Ethyl 

Alcohol 

ferns/ 

SO" 1 * ' 

liter) 


Glucose 

(grins/ 

liter) 


Ethyl 
Alcohol 

liter) 


Glucose 

(§5x333/ 

liter) 




1 


1.0 


109 


. 1-1 


107 


« 


2 


. 2.0 


90 


2.8 


97 




3 


' 4.9 


81 


5-1 


83 




4 


9.5 


eo 


0.0 


80 




5 


17-0 


70 


17-3 


69 




6 


19.1 


54 


17-7 


56 




? 


21.7 


35 " 


Z4.0 


39 




8 


32.4 


21 


37-1 


2? . 




23-5 


41.4 


• 4 


4S.9 


<0.25 



10.5 



While the invention" has teen described vith respect 
20 to certain exemplifications and embodiments % tnat is 
with respect to certain microbes 9 i«e. t bacteria 9 
actinomycetea, Timgi. t and yeasts, certain substrates t 
i*e*i hydrocarbons, and carbohydrates, and certain 
. products, it is not to "be so limited, except as in the 
25 claimc appended hereto. 
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1. A method of fermenting a substrate with a 
miorourgiwlini by forming a broth comprising the substrate = 
and the- microorganism, and f orming .a f ermenta Lion product j 
5 therefrom characterised- in. that . a fermentation stiraulat- ! 

ins eleetrioaX signal ..do imposed across the broth, 
-* * • 2 » A *"*thod according to claim 1 characterised 

in that the microorganism io yeast r actinomycetes , 
bacteria, or. unicellular blue-green, algae. 
1X1 3. A. method according to claim 2 characterised 

in thai the. yeast is a SaccharofflvnirtP.ap nr a SacgW^ 
omvce^ cervieiae . ! 
■ • 4o A method according to claim l, 2 or 5 
:• ; '.characterised in that the substrate ia a' csrbohydrate, 
15 hydrocarbon ox* amine? acid„ 

5. A method according to oladm 4 characterised 
in that the carbohydrate is glucose, fructose or 
mannoBe. 

6. A method according to claim 4 characterised 
20 in that the carbohydrate is a polyeaoohar-ide. 

7o A method according to any of claims 1 to 
6 charaot:er5.sRo. in that the electrical signal is 
an alternating current signal or a pulsed direct 
* current signal. 
2 5 8. A method according to any of claims 1 to 7 

. . characterised in that the electrical signal has a 
frequency of 0«1 kiloherts to 10 megahertz. . 

9. . A method according to any of claims 1 to 
■ 7 wherein the .electrical signal has a frequency of 
•30 1 kilohertz- to 1000 Idiohertz. 

10. A method according to any of olaimc 1 to 
9 characterised in that the current per unit of inter- 
electrode volume is from 1 x 10~ 3 to 30 x 10 5 ailli- 
umperea per cubic centimeter, . 

11 • A niRthod aeeording to any- of claims 1 to 10 
characterised- in that the current per emit of broth is 
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from 1 x 10"^ to 50 x 1D~* mil 1 1 amperes per cubic 
eontixaetcr, 

12. A method according to any of claims 1 -to 11 
characterised in that the current density ±b from 2 x 
5 10 to 50 x 10 nri . 11 iaiaperes per square centimeters* 
15* A method p-nnnrdin,- to any of claims 1. to 12 
characterised in that the voltage dux is Od to 5 
millivolts per nenti meter. 

Ho A method according to eny of 62 y * ma 1 to 13 
10 'characterised in that the interelectrode power dissipat- 
ion io from 0„2 x 10"^ to 6 ^ 10~ 7 vTatts per uabic 
centimeter of interelectrode volume. . 

• 15* A method according to any of rvi*-7n^ 1 to 14 
• characterised in that the broth povjer dissipation is 
15' from 0.2 x 1(3^ to 8 x 1<r° watte per -cubic centimeter 
of broth* 
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